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Introduction
The need for rationalization of organic synthesis poses complex problems with interesting implica tions both theoretically and practically. Considera tions on the design and control of synthesis-trees1-8 lead to various possible strategies (with or without constraints on the precursors of the target molecule). Using U g i's terminology, in the extreme case a restricted set of only two basic reaction matrices R, corresponding to the heterolytic bond breakage and redox processes A-B # A + B: and A: + B ^ A + B: is essential for describing substrate-product rela tionships. Their application, however, is more suited to the study of reaction mechanisms. On the other hand, a much broader set of generally complex reaction matrices, corresponding to electron-flow processes in multistep organic reaction schemes, may be developed. In a more practical approach to the problem of relating product(s) to substrate(s) a less varied subset of general reaction m atrix types has been derived, describing "simple" {i.e. one-step) chemical transformations. In preceding papers (Part I and II, refs. 9, 10) we have recently reported on the finding th a t a limited number (43) of reaction m atrix types is essentially sufficient to cover most basic organic sequences. Accordingly, overall reac tion matrices are then combinations of the simpler members of the subset. We also notice th a t identi fication of chemically valid precursor structures amongst those generated by systematic application of the set of ß-m atrices to a substrate (retrosynthetic approach) is favoured by dealing with matrices which originate from interconversions be tween chemically stable species.
The work reported in this paper arose from the conviction th at it is essential for the application of the concepts of U g i's mathem atical model of chemistry to seek a balance between the variety of characteristics of the R-matrices, especially from the point of view of their synthetic value, and the cost of generation and evaluation of precursors. While it is possible to envisage a set of H-matrices so comprehensive as to cover 1 0 0 % of all chemical transformations, it appears costly in the generation and even undesirable for permanent use in designing synthesis-paths. I t is clear then th a t an optimal subset of reaction matrices should be selected. It thus appears fundamental to dispose of information concerning the incidence of the most common !R-matrix types. I t is the purpose of this paper to examine a representative sample of organic reactions in order to determine the distribution of reaction matrices and thus place the use of this information on a rational and quantitative basis. While it is not our intention to define a unique set of R-matrices, suitable in all circumstances, this type of analysis is a necessary preliminary to the design of an efficient set of R-matrices, since a knowledge of the distribution of structural features is one factor which guides the choice of appropriate subsets for any synthesis.
Data-base
As we have no access to an operational reaction data retrieval system, we have derived the charac teristics of a manually decoded file. As such was taken Ma t h ie u 's 11 compilation of 1,900 reactions dealing with the introduction of one carbon atom bearing some functional group. In this respect our choice of the set of synthetic transformations is restrictive, i.e. not necessarily representative for the whole set of organic reaction types described in the literature, and therefore eventually not free from bias. The organic reactions thus considered comprise: halo-, hydro-, (di)alkoxy-, haloalkoxy-, acyloxy-, (tri)thio-, sulfinyl-, sulfonyl-, sulfo-, sulfamoyl-, amino-, amido-, (tri)nitro-, diazo-and diand tri-halom ethylation; (di)halo-, dithio-and disulfonylmethylenation; formylation; hydroxy-and alkoxym ethylenation; dialkylthiomethylation and alkylthiom ethylenation; imino-, immonio-and diam inom ethylation; amino-and nitro-methylenation and related reactions; (thio)carboxylation; alkoxyand halo-carbonylation; cyanation; (thio)carbamoylation and amidination.
Results and Discussion
In examining the nature and frequency of reaction types in the sample, where possible we have attem pted to split overall reactions in their chemi cally significant fundamental steps. The variety of characteristics of the collection of R-matrices so determined (Table I) shows various interesting features. Results demonstrate th a t the dynamical properties of a chemical data-base have a very uneven distribution, which is almost exponential -as shown in Fig. 1 . This is in accordance with a different evaluation of the same properties, recently performed by L y n c h 12. Table I .
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In terms of the total number of reactions examined, the reaction m atrix R l (defined in refs. 9 and 10) accounts for over 50% and R2 and R21 for about 20 and 6%, respectively. Thus the first three electron-flow matrices account for over 75% of all organic reactions. The ten reaction matrices which rank highest with regard to frequency (R l, R 2 , R21, R31, RlO, R l5 , R8, ^ 12, R9 and Ü3) ac count for 92.2% of all fundamental reaction steps. The qualitative analyses reported elsewhere (Tables  I -I I I in ref. 9 and Tables I, I I Table I also show the high frequency ratio of over 50:1 between the first (R l) and tenth (R3) ranking matrices. Thirteen out of the thirty matrices in our sample each account for less than 0.5% of the total number of reactions; this number reaches twenty-six if we take into account another thirteen reaction matrices described elsewhere9*10, but which were absent in the present sample (fU , R6, 1*13, ft 14, R l6 , R l8 , R20, R24, R26, R27, R29, R42 and 1143).
The analysis described here thus establishes quantitative measures for the distribution of reac tion matrices in a file, from which the effectiveness of the use of subsets may be predicted. When efficiently applied, the data permit to substantially narrow the proliferation in a typical synthesis-tree.
The general characteristics quantified by the present analysis of a specialized reaction file, i. e. the variety of R-matrices, especially of those with small incidence, have been shown to apply qualitatively to other collections of reactions. Comparison with the five most prominent R-matrices of rearrange m ent reactions (f tl, R 2 , R ö, R 7 and R 1 0 ), which account for 80% of the reactions of a randomly chosen sample9, reveals an essentially similar picture for the two most common reaction types, ft 1 (45%) and R 2 (24%). Instead, it would appear th a t especially R 5 and ft 7 are to be considered as more typical rearrangement schemes. Other R-matrices of rearrangement reactions essentially conform quantitatively to the overall patterns of the present sample analysis.
The results suggest a more flexible use of the R-matrices than previously employed. Thus the ft-sets may be taylored to suit the target molecules and/or requirements of speed of generation (and evaluation) of reaction paths. The hierarchical nature within the set of R-matrices lends itself to adaptation to subsets of differing size and structural characteristics. Thus the sets chosen may vary for molecular targets of different characteristics and the changes to be applied may be suggested by the chemist.
Conclusions
The general philosophy underlying the present and previous work is th a t in a system designed to give optimum performance in synthesis-planning according to a particular mathematical formalism account should be taken of chemical reality as expressed by the disparate distribution of Rmatrices. This can be performed by introducing a hierarchical structure of these matrices, eventually coupled with a cut-off procedure as an option to the synthetic chemist.
